the bile duct for the cystic duct in routine laparoscopic cholecystectomy remains a common mechanism of injury and should be largely preventable [11] .
The magnitude of the problem in the USA can be calculated, as approximately 750,000 LCs are performed annually in the USA. If we accept that 0.4 % of all LCs are associated with BDI, more than 3,000 patients will suffer a BDI every year [12] [13] [14] [15] . The result is unnecessary acute pain, suffering, and additional operations, followed by chronic pain, disability, and litigation. Occasionally, liver transplantation is necessary. Mortality following BDI is 6 % in the year after BDI, six times greater than the mortality of laparoscopic cholecystectomy without BDI [6] . In addition to the patient's and their family's lost income and productivity, there are unrecoverable costs to hospital systems, insurance carriers, the court system, and physicians. Lastly, the reputation of the involved surgeon, and surgeons in general, is tarnished each time a bile duct is injured.
The total costs of BDI in the USA each year can be estimated to exceed one billion dollars, half of which is absorbed in litigation, and the other half in care of the patient with BDI [16] . In these days of budgetary constraints in healthcare, we simply cannot afford preventable bile duct injuries. It should be a national priority to fund a comprehensive education program on BDI prevention, which should cost well less than the current costs of these injuries.
Strategies to eliminate BDI were promulgated in 1991, and have been refined over the years, as evidence has been gained to validate some of the original five principles [17] . These strategies can be divided into dissection and intraoperative imaging techniques.
Dissection strategies
Misidentification of the cystic duct is the most common cause of bile duct injury during laparoscopic cholecystectomy. The strategy developed in the era of open cholecystectomy, of restricting dissection to the wall of the gallbladder and dome-down dissection, has been the most effective one at preventing BDI. This is less easily performed laparoscopically, as disconnection of the gallbladder fundus from the liver early in the dissection adds an unnecessary degree of difficulty to the straightforward case [18] . Most surgeons start dissection on the infundibulum of the gallbladder, stripping peritoneum and fat circumferentially from the infundibulum until the cystic artery(s) are identified. This strategy, where the liver could be clearly visualized through Calot's triangle after complete dissection of the junction of gallbladder and cystic duct, was termed the critical view (CV) of safety in 1995 [14] . Evidence that the CV prevents biliary injuries comes primarily from two large studies that showed lower than expected rates of biliary injury when the CV method was used [19, 20] .
Intraoperative imaging strategies
Intraoperative cholangiography (IOC) with fluoroscopy remains the most commonly used method for identifying intraoperative anatomy and assessing the common bile duct (CBD) for the presence of choledocholithiasis. Estimates vary, but in a recent population-based study, IOC was performed in 44.6 % of all LCs [21] . This low utilization of IOC is a bit surprising, as there are substantial data demonstrating that IOC plays a significant role in prevention and detection of BDI [22] [23] [24] [25] [26] [27] . In a meta-analysis of all the studies comparing BDI rates with and without cholangiography, it becomes apparent that BDI occurs twice as frequently when cholangiography is not performed as when it is performed [23] . The advocates for selective IOC create a strong argument that some patients may not need IOC [28] , but to provide equivalent safety to a policy of routine IOC, at least 75 % of all patients undergoing LC should have IOC [9] .
If the safety benefits of cholangiography are so clear, why has there been no growth in its use in the last decade? Many surgeons feel the time taken is not well spent. The technique can be difficult, and reimbursement of the 10-20 min it takes to perform it and 0.5 relative value units (RVUs) for an IOC are paltry when considering the technical expertise and cognitive decision-making associated with the procedure. In addition, there is the dilemma of what to do if a bile duct stone is found on IOC. Most surgeons are not comfortable performing laparoscopic stone retrieval, and adding a duct exploration of unpredictable length can substantially slow down a busy operative list.
However, with no decrease in the number of biliary injuries after two decades of laparoscopic surgery and armed with the studies cited above, we advocate for an aggressive campaign to achieve duct injury mitigation (DIM).
Such a campaign should be three-armed and aimed at residents, fellows, practicing surgeons, and other trainees in postgraduate programs:
The first arm should be to teach standardized anatomic dissection and documentation of the hepatobiliary triangle that is agnostic to the surgical approach. Whether laparoscopic or open, four elements should be maintained:
(1) Clearance of all fat and fibrous tissue from the underside of the gallbladder fundus (2) Separation of the lower gallbladder from the cystic plate (or gallbladder bed) (3) Demonstration and photo documentation of only one biliary structure entering the gallbladder (4) Demonstration of the cystic artery branching onto the fundus of the gallbladder
The second arm is intensive training in the rationale and correct technique of intraoperative cholangiography which:
(1) Teaches the differing techniques of catheter insertion in the gallbladder or cystic duct (2) Teaches how to set up, inject contrast, and perform both fluoroscopic (preferred) and static cholangiography (3) Teaches the purpose of cholangiography, which:
(a) Delineates the anatomy of the biliary tree, disclosing variations and the presence or absence of stones or other abnormalities within the ducts (b) Discloses BDI which otherwise might not have been detected during operation, thus permitting immediate repair or appropriate measures for delayed definitive correction (c) Detects misidentification of the common duct (as the cystic duct) prior to incision, thus preventing a transection or an excisional injury to the common bile duct Such training should include both surgical simulation to practice cannulation, and didactic instruction in the interpretation of IOC with special attention to recognition of variant anatomy. In the future, the indication for a cholangiogram should be cholecystectomy. IOC would then be routine, and not left to the discretion of each individual surgeon, who has many incentives to pass up IOC, despite the evidence that it improves patient care.
Laparoscopic cholecystectomy and the common bile duct stone
Surgeons who adopt routine IOC will find unsuspected common bile duct stones (CBDS) in 4 % of their patients, and another 4-6 % will have CBDS suspected after reviewing the clinical data including jaundice, increased liver function tests (LFTs), hyperamylasemia, and/or an enlarged CBD, as seen with ultrasonography. For this reason we think it is important to include a third arm in DIM training: training in the techniques of laparoscopic cholecystectomy and bile duct exploration (LCBDE). Single-center, single-surgeon series demonstrate the efficiency gained with this strategy [29] . Several randomized clinical trials have addressed the proper management of CBD stones in association with LC [30] [31] [32] . In all of these studies, laparoscopic cholecystectomy and bile duct exploration decreased the duration of hospitalization when compared with endoscopic retrograde cholangiopancreatography (ERCP)/endoscopic sphincterotomy (ES) performed before or after LC. In addition, the cost was less when a single-stage procedure was utilized (LC with bile duct exploration) compared with a two-stage procedure (ES before or after LC) [32, 33] . Other outcomes, such as duct clearance and complications, were equivalent between the two approaches.
There are many reasons given by surgeons who choose not to perform laparoscopic CBD exploration, but the most vexing is lack of adequate training in the technique of LCBDE. In a general surgery (GS) residency in the USA, the mean number of laparoscopic cholecystectomies performed was 112 in 2010 and 117 in 2011 [34] . If no ERCP/ ES were done in this population, one can calculate that the general surgery resident would explore 10-12 bile ducts in 5 years of training, or roughly 2-3 cases/year, hardly a sufficient exposure to become competent in LCBDE. Given these data, training for this rare event should be done in simulators, so the surgeon faced with a positive cholangiogram will not be unprepared, but will methodically prepare his/her equipment for laparoscopic CBDE, and perform the procedure with competence equivalent to one who performed LCBDE routinely. All residency programs in the USA have surgical skills laboratories, and most operating rooms have fluoroscopy available for wire basket stone retrieval or have small-caliber choledochoscopes or ureteroscopes available for choledochoscopy.
The time has come to return most of the CBD stones encountered during LC to surgical management in one setting. This may include allowing small stones to pass spontaneously. Laparoscopic exploration through the cystic duct or choledochotomy should be reintroduced into the domain of the operating surgeon by intensive training at all levels, both in the simulation laboratory as well as in the operating room. Familiarity with optimal IOC by its routine use will stimulate the surgeon to learn simple techniques to deal with the uncomplicated CBD stone(s), which are the majority of cases. Such action will contribute to improvement in patient care, safety, and quality of life and have a favorable impact on healthcare resources.
Conclusions
We propose an aggressive national education project that promotes standardized training in operative techniques, optimal use of proven imaging modalities during cholecystectomy, recognition of biliary and vascular anomalies, and training in laparoscopic common bile duct exploration in order to reduce bile duct injuries. It should be a national priority. If successful, this decade will become known as the duct injury mitigation era.
